Abstract
Auditory expertise modulates additivity of mismatch responses
specifically, these hypotheses will be tested using contrasting paradigms with higher and lower 101 levels of complexity and corresponding musical relevance. 102
103

Results
104
To anticipate our results, significantly greater MMNm subadditivity was found in musicians 105 compared to non-musicians for frequency-related features in the complex musical multi-feature 106 paradigm. These expertise effects were absent from the simple control paradigm. Further details 107 are reported separately for the two paradigms below. 108
109
Complex musical multi-feature paradigm 110
In the main experimental paradigm-the complex musical multi-feature paradigm-all seven 111 single, double, and triple deviants elicited significantly larger responses than the standards for 112 musicians as well as for non-musicians (Table 1) , indicative of significant MMNm responses in all 113 conditions of this paradigm. Moreover, the triple deviant resulted in a significantly larger MMNm 114 than each of the double deviants (Table 2) Indeed, the differences between modelled and empirical responses were significantly 125 greater in musicians than in non-musicians for the FI and LF deviants (Table 3) . For the triple 126 deviant (FIL), this interaction effect approached significance whereas it was absent for the IL 127 deviant, which did not include the frequency component. Consistent with this picture, follow-up 128 analyses of the significant interactions found simple additivity effects only for musicians (Table  129 3, Figure 1 .0002*** .0003*** .0014** Intensity (I) < .0001*** < .0001*** < .0001*** < .0001*** Location (L) < .0001*** < .0001*** < .0001*** < .0001*** FI < .0001*** < .0001*** < .0001*** .0003*** IL < .0001*** < .0001*** < .0001*** < .0001*** LF < .0001*** < .0001*** < .0001*** < .0001*** FIL < .0001*** < .0001*** < .0001*** < .0001*** *p < .0250; ** p < .0050; ***p < .0005 (uncorrected alpha). Analysis was conducted on the 100-300 ms post-stimulus time window on nine supra-temporal combined gradiometer sensors in each hemisphere using the maxsum test statistic over 10,000 random permutations. 
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Simple control paradigm 151
In the simple control paradigm, significant MMNm effects were also present for all deviant types 152 (Table 1) . Here, additivity was more uniformly present in terms of significant differences between 153 all single and double deviants as well as between the double deviants and the triple deviant ( Table  154 2). The main analysis showed no differences in additivity between the two groups and across the 155 various deviant types (Table 3 ). This pattern also emerges from the plots of event-related fields 156 and scalp topographies in Figure 2 . 
Discussion
174
Expertise as dependent feature processing 175
The current results provide the first neurophysiological evidence of more dependent processing 176 of multiple auditory feature deviants in musical experts compared to non-experts. In a complex 177 musical paradigm, magnetic mismatch negativity responses (MMNm) elicited by double deviants 178 differing in multiple features (including frequency) were lower than the sum of MMNm responses 179 to the constituent single-feature deviants. This selective subadditivity for the musically relevant 180 frequency feature was either absent or present to a smaller extent in non-musicians. While 181 relatively small MMNm amplitudes in non-musicians may be suggestive of floor effects, a 182 significant MMNm was found in all conditions. Therefore, statistical analysis should have revealed 183 any true subadditivity in non-experts. In addition to the main finding of expertise-related 184 differences in frequency-related subadditivity, the pattern of results between the two paradigms 185 suggests that these differences were context-specific. Specifically, the expertise differences were 186 absent when using identical sounds in a simpler and less musically-relevant configuration as a 187 control paradigm. Observations that pitch and duration in melodies are integrated when these dimensions covary-293 but not when they contrast-and that such integration increases with exposure (Boltz 1999) 294
suggest an interpretation of our results where musicians are predisposed to capitalise more 295 optimally on contextual cues. Note, though, that the two present paradigms did not only differ on 296 complexity and musical relevance, but also on stimulus onset asynchrony, predictability of 297 deviant location, and general textural complexity. Although these differences between the two 298 paradigms do not compromise our main finding of expertise-related subadditivity for frequency-299 related features, future research should try to disentangle the individual contribution of these 300
factors. 301 302
Future research and unresolved issues 303
It is worth noting that increased frequency-related feature integration in musicians observed 304 here seems inconsistent with other behavioural and neuroimaging results. 
Materials and Methods
338
Participants 339
Twenty-five non-musicians (11 females; mean age: 24.7 years) and 25 musicians (10 females; 340 mean age: 25.0 years) were recruited through the local study participation system and posters at 341
Aarhus University and The Royal Academy of Music Aarhus. Members of the musician group were 342 full-time conservatory students or professional musicians receiving their main income from 343 performing and/or teaching music. The non-musician group had no regular experience playing a 344 musical instrument and had received less than one year of musical training beyond mandatory 345 music lessons in school. As shown in Table 4 , the two groups were matched on age and sex, and 346 musicians scored significantly higher on all subscales of Goldsmiths Musical Sophistication Index, 347 v. 1.0 (Müllensiefen, Gingras, Musil and Stewart 2014). 348 
350
All participants were right-handed with no history of hearing difficulties. The complex paradigm consists of repetitions of a characteristic four-note pattern referred 389 to as the Alberti bass. In this pattern, the notes of a chord are arpeggiated in the order "lowest-390 highest-middle-highest" (see Figure 3) . Although named after an Italian composer who used itextensively in early 18th-century keyboard accompaniment, the Alberti bass occurs widely across 392 historical periods, instruments, and musical genres (Fuller 2015) . Data were epoched into trials of 500 ms duration including a 100 ms pre-stimulus interval. As 463 indicated in Figure 1 , for both paradigms, only the third occurrence of the standard tone after 464 each deviant was included as a standard trial. Trials containing SQUID jumps were discarded 465 using automatic artefact rejection with a z value cutoff of 30. The remaining 98.2% of trials on 466 average (ranging from 91.0% to 99.8% for individual participants) were band-pass filtered at 1-467 40 Hz using a two-pass Butterworth filter (data-padded to 3 secs to avoid filter artefacts). Planar 468 The test statistic was computed in the following way: Independent-samples t-statistics 498
were computed for all timepoint-by-sensor samples. Samples that were neighbours in time 499
and/or space and exceeded the pre-determined alpha level of .05 were included in the same 500
cluster. Despite its similarity to uncorrected mass-univariate testing, this step does not represent 501 hypothesis testing, but only serves the purpose of cluster definition. To this end, a neighbourhood 502 structure was generated that defined which sensors were considered neighbours based on the 503 linear distance between sensors. Only assemblies containing minimum two neighbour sensors 504 were regarded as clusters. A cluster-level statistic was computed by summing the t statistics 505 within each cluster and taking the maximum value of these summed t statistics. This process was 506 subsequently repeated for 10,000 random permutations of the group labels (musicians vs. non- 200-300 ms range). However, to account for possible differences in peak latency and source 520 location between participants and between the various deviant types, the analysis was extended 521 to the 100-300 ms post-stimulus interval and to also include the eight neighbouring sensors 522 around the peak sensor in each hemisphere (i.e. 18 sensors in total). In this way, prior knowledge 523 was incorporated to increase the sensitivity of the statistical tests without compromising their 524
validity (Maris and Oostenveld 2007). 525
Before the main analysis, however, two sets of tests were conducted to ensure the validity 526 of the main analysis. To this end, cluster-based permutation tests were run using the parameters, 527 sensors, and time window specified above (except for the permuted labels, which were changed 528 according to the contrast of interest). First, the difference between standard and deviant 529 responses was assessed to determine whether MMNm effects were indeed present, i.e. whether 530 standard and deviant responses differed significantly in the 100-300 ms post-stimulus range 531 (Table 1) . These analyses were carried out for each deviant type separately for musicians and 532 non-musicians and separately for the two paradigms. Second, to establish that the possible 533
MMNm effects were potentially additive, nine pairwise comparisons were conducted between 534 relevant single and double deviants as well as between relevant double and triple deviants (i.e., 535 
